
Figure 2.1-1 
Portland Harbor RI/FS 

Remedial Investigation Report 
Number of Observations of Radio-Tagged Chinook Salmon in 

Shallow Water and Deep Water Habitats between RM 3.5 and 11.7 
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Figure 2.1-2 
Portland Harbor RI/FS 

Remedial Investigation Report 
Multiplate Sampler Array 
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Figure 2.1-3 
Portland Harbor RI/FS 

Remedial Investigation Report 
Example of Winter and Summer 2002 Sun-Illuminated 

Images and Difference Analysis (DEA 2003a) 
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Figure 2.1-4 
Portland Harbor RI/FS 

Remedial Investigation Report 
Upstream TSS Study Period Hydrograph and Sampling Dates 
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Portland Harbor RI/FS 

Draft Remedial Investigation Report 
Schematic Willamette Riverbank  

Cross Section, RM 2-11 
 
 

*** The DEQ upland site boundary refers only to the upland state agreements;  
      it is not a physical boundary or legal boundary that impacts EPA’s remedy decision. 
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Adapted from Figure 3.1-1 prepared by Groundwater Solutions Inc. 

FFA - Fill, Fine-grained Pleistocene Flood
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Remedial Investigation Report 
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Figure 3.1-4 
Portland Harbor RI/FS 

Remedial Investigation Report 
Box-Whisker Plot of Seepage Meter Results 
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Figure 3.1-6 
Portland Harbor RI/FS 

Remedial Investigation Report 
Datum Relationship for Portland Harbor 

Relative Height of Datums (at RM 12.8, not to scale) 
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    Figure 3.1-7
     Portland Harbor RI/FS

     Remedial Investigation Report
      Willamette River Stage Data, 

October 1972 - March 31, 2008
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Figure 3.1-8
Portland Harbor RI/FS

Remedial Investigation Report
Daily Mean Discharge (cfs),

October 1, 1972 through March 31, 2008
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Figure 3.1-9
Portland Harbor RI/FS

Remedial Investigation Report
Average Annual Discharge for 

Water Years 1973 to 2007
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Figure 3.1-10
  Portland Harbor RI/FS

  Remedial Investigation Report
  Frequency of Daily Mean Discharge Values, 

  October 1, 1972 - March 31, 2008
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Figure 3.1-11a
2001 Willamette River Stage Data Versus 

Average Annual Values (October 1972 – March 2008)

Figure 3.1-11b
2002 Willamette River Stage Data Versus 

Average Annual Values (October 1972 – March 2008)
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Figure 3.1-11c
2003 Willamette River Stage Data Versus 

Average Annual Values (October 1972 – March 2008)

Figure 3.1-11d
2004 Willamette River Stage Data Versus 

Average Annual Values (October 1972 – March 2008)
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Figure 3.1-11e
2005 Willamette River Stage Data Versus 

Average Annual Values (October 1972 – March 2008)

Figure 3.1-11f
2006 Willamette River Stage Data Versus 

Average Annual Values (October 1972 – March 2008)
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Figure 3.1-11g
2007 Willamette River Stage Data Versus 

Average Annual Values (October 1972 – March 2008)

Figure 3.1-11h
2008 Willamette River Stage Data Versus 

Average Annual Values (October 1972 – March 2008)
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Figure 3.1-12a
2001 Willamette River Daily Mean Discharge Versus 

Averaged Daily Discharge (October 1972 – March 2008)

Figure 3.1-12b
2002 Willamette River Daily Mean Discharge Versus 

Averaged Daily Discharge (October 1972 – March 2008)
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Figure 3.1-12c
2003 Willamette River Daily Mean Discharge Versus 

Averaged Daily Discharge (October 1972 – March 2008)

Figure 3.1-12d
2004 Willamette River Daily Mean Discharge Versus 

Averaged Daily Discharge (October 1972 – March 2008)
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Figure 3.1-12e
2005 Willamette River Daily Mean Discharge Versus 

Averaged Daily Discharge (October 1972 – March 2008)

Figure 3.1-12f
2006 Willamette River Daily Mean Discharge Versus 

Averaged Daily Discharge (October 1972 – March 2008)
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Figure 3.1-12g
2007 Willamette River Daily Mean Discharge Versus 

Averaged Daily Discharge (October 1972 – March 2008)

Figure 3.1-12h
2008 Willamette River Daily Mean Discharge Versus 

Averaged Daily Discharge (October 1972 – March 2008)
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RM 0-3  |  06 Jun 2008  |  Columbia and Lower Willamette River High Flows/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for February 1, 2003 at 0300hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 3.9 m NAVD88; river flow 180,900 cfs 
Lower Columbia River conditions; stage at Vancouver: 5.4 m NAVD88, stage at St. Helens: 4.8 m NAVD88; river flow 170,000 cfs. 

Figure 3.1-13a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

RM 0–3 

Feb 1, 2003      Q = 180,900 cfs 

Portland Harbor RI/FS Final Remedial Investigation Report 
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RM 3-6  |  06 Jun 2008  |  Columbia and Lower Willamette River High Flows/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for February 1, 2003 at 0300hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 3.9 m NAVD88; river flow 180,900 cfs 
Lower Columbia River conditions; stage at Vancouver: 5.4 m NAVD88, stage at St. Helens: 4.8 m NAVD88; river flow 170,000 cfs. 

Figure 3.1-13b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

RM 3–6 

Feb 1, 2003      Q = 180,900 cfs 
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RM 6-10  |  06 Jun 2008  |  Columbia and Lower Willamette River High Flows/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for February 1, 2003 at 0300hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 3.9 m NAVD88; river flow 180,900 cfs 
Lower Columbia River conditions; stage at Vancouver: 5.4 m NAVD88, stage at St. Helens: 4.8 m NAVD88; river flow 170,000 cfs. 

Figure 3.1-13c 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

RM 6–10 

Feb 1, 2003      Q = 180,900 cfs 
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RM 10-13  |  06 Jun 2008  |  Columbia and Lower Willamette River High Flows/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for February 1, 2003 at 0300hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 3.9 m NAVD88; river flow 180,900 cfs 
Lower Columbia River conditions; stage at Vancouver: 5.4 m NAVD88, stage at St. Helens: 4.8 m NAVD88; river flow 170,000 cfs. 

Figure 3.1-13d 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

RM 10–13 

Feb 1, 2003      Q = 180,900 cfs 
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RM 13-16  |  06 Jun 2008  |  Columbia and Lower Willamette River High Flows/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for February 1, 2003 at 0300hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 3.9 m NAVD88; river flow 180,900 cfs 
Lower Columbia River conditions; stage at Vancouver: 5.4 m NAVD88, stage at St. Helens: 4.8 m NAVD88; river flow 170,000 cfs. 

Figure 3.1-13e 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

RM 13–16 

Feb 1, 2003      Q = 180,900 cfs 
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RM 16-19  |  06 Jun 2008  |  Columbia and Lower Willamette River High Flows/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for February 1, 2003 at 0300hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 3.9 m NAVD88; river flow 180,900 cfs 
Lower Columbia River conditions; stage at Vancouver: 5.4 m NAVD88, stage at St. Helens: 4.8 m NAVD88; river flow 170,000 cfs. 

Figure 3.1-13f 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

RM 16–19 

Feb 1, 2003      Q = 180,900 cfs 
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RM 19-22  |  06 Jun 2008  |  Columbia and Lower Willamette River High Flows/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for February 1, 2003 at 0300hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 3.9 m NAVD88; river flow 180,900 cfs 
Lower Columbia River conditions; stage at Vancouver: 5.4 m NAVD88, stage at St. Helens: 4.8 m NAVD88; river flow 170,000 cfs. 

Figure 3.1-13g 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

RM 19–22 

Feb 1, 2003      Q = 180,900 cfs 
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RM 21-24  |  06 Jun 2008  |  Columbia and Lower Willamette River High Flows/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for February 1, 2003 at 0300hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 3.9 m NAVD88; river flow 180,900 cfs 
Lower Columbia River conditions; stage at Vancouver: 5.4 m NAVD88, stage at St. Helens: 4.8 m NAVD88; river flow 170,000 cfs. 

Figure 3.1-13h 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

RM 21–24 

Feb 1, 2003      Q = 180,900 cfs 
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Figure 3.1-14  
Portland Harbor RI/FS 

         Remedial Investigation Report 
Willamette and Columbia River Flows and  

Modeled Multnomah Channel Flows  
as a Fraction of the Willamette Flow 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 3.1-15a-b 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Data at Transect 11 at RM 8 

a. 
Vector Plot (ADCP Data) of the Water-column-averaged Velocity, Magnitude, and Direction at 
Transect 11, RM 8 

b. 
Vector Profile of the Velocity Measured Perpendicular to Transect 11 at RM 8 on April 19, 2002 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 3.1-16a-b 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Data at Transect 14 at RM 9.6 

a. 
Vector Plot (ADCP Data) of the Water-column-averaged Velocity, Magnitude, and Direction at 
Transect 14, RM 9.6 

b. 
Vector Profile of the Velocity Measured Perpendicular to Transect 14 at RM 8 on April 19, 2002 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 3.1-17a 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 
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Figure 3.1-17b 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 3.1-17c 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 3.1-17d 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 3.1-17e 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
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Figure 3.1-17f 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
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Figure 3.1-17g 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
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Figure 3.1-17h 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 3.1-17i 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 3.1-17j 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
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Figure 3.1-17k 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
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Figure 3.1-17l 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
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Figure 3.1-17m 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
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Figure 3.1-17n 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
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Figure 3.1-17o 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
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Figure 3.1-17p 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
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Figure 3.1-17q 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 3.1-17r 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 
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Figure 3.1-17s 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
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Figure 3.1-17t 
Portland Harbor RI/FS 

Remedial Investigation Report 
ADCP Survey Winter 2004 Transect Data 

 

Source: DEA (2004b) 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016
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Feb 3, 2003 Q = 126,615 cfs

RM 2 - 5  20 Nov 2008  Lower Willamette River High Flow, Mid Ebb Velocity/Depth/Bathymetry

Additional Notes:   Bathymetric data collected in Feb 2004.  
Time Series Data for February 3, 2003 at 1800hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 3.5 m NAVD88; river flow 126,615 cfs 
Lower Columbia River conditions; stage at Vancouver: 5.0 m NAVD88, stage at St. Helens: 4.5 m NAVD88; river flow 178,000 cfs. 

Figure 3.1-18a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

Mid Ebb, RM 2–5 
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Feb 3, 2003 Q = 126,615 cfs

RM 5 - 9  20 Nov 2008  Lower Willamette River High Flow, Mid Ebb Velocity/Depth/Bathymetry

Additional Notes:   Bathymetric data collected in Feb 2004.  
Time Series Data for February 3, 2003 at 1800hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 3.5 m NAVD88; river flow 126,615 cfs 
Lower Columbia River conditions; stage at Vancouver: 5.0 m NAVD88, stage at St. Helens: 4.5 m NAVD88; river flow 178,000 cfs. 

Figure 3.1-18b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

Mid Ebb, RM 5–9 
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Feb 3, 2003 Q = 126,615 cfs

RM 8 - 11.8  20 Nov 2008  Lower Willamette River High Flow, Mid Ebb Velocity/Depth/Bathymetry

Additional Notes:   Bathymetric data collected in Feb 2004.  
Time Series Data for February 3, 2003 at 1800hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 3.5 m NAVD88; river flow 126,615 cfs 
Lower Columbia River conditions; stage at Vancouver: 5.0 m NAVD88, stage at St. Helens: 4.5 m NAVD88; river flow 178,000 cfs. 

Figure 3.1-18c 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

Mid Ebb, RM 8–11.8 
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Jan 31, 2003 Q = 125,471 cfs

RM 2 - 5  20 Nov 2008  Lower Willamette River High Flow, Mid Flood (Velocity/Depth/Bathymetry)

Additional Notes:   Bathymetric data collected in Feb 2004.  
Time Series Data for January 31, 2003 at 0300hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 2.5 m NAVD88; river flow 125,471 cfs 
Lower Columbia River conditions; stage at Vancouver: 4.1 m NAVD88, stage at St. Helens: 3.8 m NAVD88; river flow 150,000 cfs. 

Figure 3.1-19a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

Mid Flood, RM 2–5 
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Jan 31, 2003 Q = 125,471 cfs

RM 5 - 9  20 Nov 2008  Lower Willamette River High Flow, Mid Flood (Velocity/Depth/Bathymetry)

Additional Notes:   Bathymetric data collected in Feb 2004.  
Time Series Data for January 31, 2003 at 0300hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 2.5 m NAVD88; river flow 125,471 cfs 
Lower Columbia River conditions; stage at Vancouver: 4.1 m NAVD88, stage at St. Helens: 3.8 m NAVD88; river flow 150,000 cfs. 

Figure 3.1-19b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

Mid Flood, RM 5–9 
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Jan 31, 2003 Q = 125,471 cfs

RM 8 - 11.8  20 Nov 2008  Lower Willamette River High Flow, Mid Flood (Velocity/Depth/Bathymetry)

Additional Notes:   Bathymetric data collected in Feb 2004.  
Time Series Data for January 31, 2003 at 0300hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 2.5 m NAVD88; river flow 125,471 cfs 
Lower Columbia River conditions; stage at Vancouver: 4.1 m NAVD88, stage at St. Helens: 3.8 m NAVD88; river flow 150,000 cfs. 

Figure 3.1-19c 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, High Flow 

Mid Flood, RM 8–11.8 
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Sep 25, 2002 Q = 9,113 cfs

RM 2 - 5  20 Nov 2008  Lower Willamette River Low Flow, Mid Ebb (Velocity/Depth/Bathymetry)

Additional Notes:   Bathymetric data collected in Feb 2004.  
Time Series Data for September 25, 2002 at 1600hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 0.4 m NAVD88; river flow 9,113 cfs 
Lower Columbia River conditions; stage at Vancouver: 2.1 m NAVD88, stage at St. Helens: 2.3 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-20a 
Portland Harbor RI/FS 

 Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Mid Ebb, RM 2–-5 
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Sep 25, 2002 Q = 9,113 cfs

RM 5 - 9  20 Nov 2008  Lower Willamette River Low Flow, Mid Ebb (Velocity/Depth/Bathymetry)

Additional Notes:   Bathymetric data collected in Feb 2004.  
Time Series Data for September 25, 2002 at 1600hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 0.4 m NAVD88; river flow 9,113 cfs 
Lower Columbia River conditions; stage at Vancouver: 2.1 m NAVD88, stage at St. Helens: 2.3 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-20b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Mid Ebb, RM 5–9 
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Sep 25, 2002 Q = 9,113 cfs

RM 8 - 11.8  20 Nov 2008  Lower Willamette River Low Flow, Mid Ebb (Velocity/Depth/Bathymetry)

Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for September 25, 2002 at 1600hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 0.4 m NAVD88; river flow 9,113 cfs 
Lower Columbia River conditions; stage at Vancouver: 2.1 m NAVD88, stage at St. Helens: 2.3 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-20c 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Mid Ebb, RM 8–11.8 
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Sep 25, 2002 Q = 9,098 cfs

RM 2 - 5  20 Nov 2008  Lower Willamette River Velocity Low Flow, Mid Flood (Velocity/Depth/Bathymetry)

Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for September 25, 2002 at 1930hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 1.3 m NAVD88; river flow 9,098 cfs 
Lower Columbia River conditions; stage at Vancouver: 3.0 m NAVD88, stage at St. Helens: 2.6 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-21a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Mid Flood, RM 2–5 
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Sep 25, 2002 Q = 9,098 cfs

RM 5 - 9  20 Nov 2008  Lower Willamette River Velocity Low Flow, Mid Flood (Velocity/Depth/Bathymetry)

Additional Notes:   Bathymetric data collected in Feb 2004.  
Time Series Data for September 25, 2002 at 1930hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 1.3 m NAVD88; river flow 9,098 cfs 
Lower Columbia River conditions; stage at Vancouver: 3.0 m NAVD88, stage at St. Helens: 2.6 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-21b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Mid Flood, RM 5–9 
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Sep 25, 2002 Q = 9,098 cfs

RM 8 - 11.8  20 Nov 2008  Lower Willamette River Velocity Low Flow, Mid Flood (Velocity/Depth/Bathymetry)

Additional Notes:   Bathymetric data collected in Feb 2004.  
Time Series Data for September 25, 2002 at 1930hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 1.3 m NAVD88; river flow 9,098 cfs 
Lower Columbia River conditions; stage at Vancouver: 3.0 m NAVD88, stage at St. Helens: 2.6 m NAVD88; river flow 130,000 cfs. 

 Figure 3.1-21c 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Mid Flood, RM 8–11.8 
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RM 0-3  |  06 Jun 2008  |  Lower Willamette River Low Flow, Strong Flood Tide/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for November 4, 2002 at 1500hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 1.5 m NAVD88; river flow 9,418 cfs 
Lower Columbia River conditions; stage at Vancouver: 2.8 m NAVD88, stage at St. Helens: 2.9 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-22a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Strong Flood, RM 0–3 

Nov 4, 2002       Q = 9418 cfs 
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RM 3-6  |  06 Jun 2008  |  Lower Willamette River Low Flow, Strong Flood Tide/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for November 4, 2002 at 1500hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 1.5 m NAVD88; river flow 9,418 cfs 
Lower Columbia River conditions; stage at Vancouver: 2.8 m NAVD88, stage at St. Helens: 2.9 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-22b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Strong Flood, RM 3–6 

Nov 4, 2002       Q = 9418 cfs 
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RM 6-10  |  06 Jun 2008  |  Lower Willamette River Low Flow, Strong Flood Tide/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for November 4, 2002 at 1500hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 1.5 m NAVD88; river flow 9,418 cfs 
Lower Columbia River conditions; stage at Vancouver: 2.8 m NAVD88, stage at St. Helens: 2.9 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-22c 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Strong Flood, RM 6–10 

Nov 4, 2002       Q = 9418 cfs 
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RM 10-13  |  06 Jun 2008  |  Lower Willamette River Low Flow, Strong Flood Tide/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for November 4, 2002 at 1500hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 1.5 m NAVD88; river flow 9,418 cfs 
Lower Columbia River conditions; stage at Vancouver: 2.8 m NAVD88, stage at St. Helens: 2.9 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-22d 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Strong Flood, RM 10–13 

Nov 4, 2002       Q = 9418 cfs 
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RM 13-16  |  06 Jun 2008  |  Lower Willamette River Low Flow, Strong Flood Tide/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for November 4, 2002 at 1500hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 1.5 m NAVD88; river flow 9,418 cfs 
Lower Columbia River conditions; stage at Vancouver: 2.8 m NAVD88, stage at St. Helens: 2.9 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-22e 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Strong Flood, RM 13–16 

Nov 4, 2002       Q = 9418 cfs 
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RM 16-19  |  06 Jun 2008  |  Lower Willamette River Low Flow, Strong Flood Tide/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for November 4, 2002 at 1500hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 1.5 m NAVD88; river flow 9,418 cfs 
Lower Columbia River conditions; stage at Vancouver: 2.8 m NAVD88, stage at St. Helens: 2.9 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-22f 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Strong Flood, RM 16–19 

Nov 4, 2002       Q = 9418 cfs 
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RM 19-22  |  06 Jun 2008  |  Lower Willamette River Low Flow, Strong Flood Tide/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for November 4, 2002 at 1500hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 1.5 m NAVD88; river flow 9,418 cfs 
Lower Columbia River conditions; stage at Vancouver: 2.8 m NAVD88, stage at St. Helens: 2.9 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-22g 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Strong Flood, RM 19–22 

Nov 4, 2002       Q = 9418 cfs 
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RM 21-24  |  06 Jun 2008  |  Lower Willamette River Low Flow, Strong Flood Tide/Bathymetry 
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Additional Notes:   Bathymetric data collected in Feb 2004. 
Time Series Data for November 4, 2002 at 1500hrs; 
Lower Willamette River conditions; stage at Morrison St. Bridge: 1.5 m NAVD88; river flow 9,418 cfs 
Lower Columbia River conditions; stage at Vancouver: 2.8 m NAVD88, stage at St. Helens: 2.9 m NAVD88; river flow 130,000 cfs. 

Figure 3.1-22h 
Portland Harbor RI/FS 

Remedial Investigation Report 
Vector Velocity Plot, Low Flow 

Strong Flood, RM 21–24 

Nov 4, 2002       Q = 9418 cfs 
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Figure 3.1-23a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 
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Figure 3.1-23b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 
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Figure 3.1-23c 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 

RM 2 to 3 
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Figure 3.1-23d 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 
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Figure 3.1-23e 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 
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Figure 3.1-23f 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 
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Figure 3.1-23g 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 
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Figure 3.1-23h 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 
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Figure 3.1-23i 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 

RM 8 to 9 
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Figure 3.1-23j 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 
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Figure 3.1-23k 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 
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Figure 3.1-23l 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 

RM 11 to End of Navigation Channel 
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Figure 3.1-23m 
Portland Harbor RI/FS 

Remedial Investigation Report 
Portland Harbor 2002–2009 Bathymetric Change 

End of Navigation Channel to RM 11.8 
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Figure 3.1-24a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph, Precipitation, and 
TSS Sampling Events, Water Year 2001 
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Figure 3.1-24b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph, Precipitation, and 
TSS Sampling Events, Water Year 2002 
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Sampling events shown are City of 
Portland Long-term Monitoring unless 
otherwise indicated.
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Figure 3.1-24c 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph, Precipitation, and 
TSS Sampling Events, Water Year 2003 

 

0

0.5

1

1.5

2

2.5

3

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

200,000

10
/1

/2
00

2

11
/1

/2
00

2

12
/1

/2
00

2

1/
1/

20
03

2/
1/

20
03

3/
1/

20
03

4/
1/

20
03

5/
1/

20
03

6/
1/

20
03

7/
1/

20
03

8/
1/

20
03

9/
1/

20
03

Pr
ec

ip
ita

tio
n 

(in
ch

es
)

Da
ily

 M
ea

n 
Di

sc
ha

rg
e 

(c
fs

)

Date

TSS Sampling Event Daily Precipitation (inches) Daily Mean Discharge (cfs)

Note: 
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downloaded from the USGS Real Time 
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(NWIS) Database for the Morrison Bridge 
station 14211720 on 6 March 2009. 
Sampling events shown are City of 
Portland Long-term Monitoring unless 
otherwise indicated.
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Figure 3.1-24d 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph, Precipitation, and 
TSS Sampling Events, Water Year 2004 
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Figure 3.1-24e 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph, Precipitation, and 
TSS Sampling Events, Water Year 2005 
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Figure 3.1-24f 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph, Precipitation, and 
TSS Sampling Events, Water Year 2006 
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Figure 3.1-24g 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph, Precipitation, and 
TSS Sampling Events, Water Year 2007 
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Figure 3.1-24h 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph, Precipitation, and 
TSS Sampling Events, Water Year 2008 
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2007, which were not provided in the 
2009 data download.
Sampling events shown are City of 
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Figure 3.1-25a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph and TSS Results,  

Water Year 2001 
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Figure 3.1-25b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph and TSS Results,  

Water Year 2002 
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National Water Information System 
(NWIS) Database for the Morrison Bridge 
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Figure 3.1-25c 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph and TSS Results,  

Water Year 2003 
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National Water Information System 
(NWIS) Database for the Morrison Bridge 
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Figure 3.1-25d 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph and TSS Results,  

Water Year 2004 
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U-qualified TSS concentrations are 
shown at a value of  half the detection 
l imit.
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Figure 3.1-25e 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph and TSS Results,  

Water Year 2005 
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National Water Information System 
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U-qualified TSS concentrations are 
shown at a value of  half the detection 
l imit.
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Figure 3.1-25f 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph and TSS Results,  

Water Year 2006 
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Daily mean discharge values shown were 
downloaded from the USGS Real Time 
National Water Information System 
(NWIS) Database for the Morrison Bridge 
station 14211720 on 6 March 2009. 

U-qualified TSS concentrations are 
shown at a value of  half the detection 
l imit.
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Figure 3.1-25g 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph and TSS Results,  

Water Year 2007 
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downloaded from the USGS Real Time 
National Water Information System 
(NWIS) Database for the Morrison Bridge 
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Three results from the City 
dataset collected on  Nov 8 do 
not show on this scale:
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Figure 3.1-25h 
Portland Harbor RI/FS 

Remedial Investigation Report 
Discharge Hydrograph and TSS Results,  

Water Year 2008 
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Daily mean discharge values shown were 
downloaded from the USGS Real Time 
National Water Information System 
(NWIS) Database for the Morrison Bridge 
station 14211720 on 6 March 2009, 
except for  discharge values over the 
period from October 1 - December 31, 
2007, which were not provided in the 
2009 data download.

U-qualified TSS concentrations are 
shown at a value of  half the detection 
l imit.
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Figure 3.1-26 
Portland Harbor RI/FS 

Remedial Investigation Report 
TSS vs. Discharge – All Data 
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Figure 3.1-27 
Portland Harbor RI/FS 

Remedial Investigation Report 
TSS vs. Discharge – Upriver Data 

 

1

10

100

1000 10000 100000 1000000

TS
S 

(m
g/

L)

Discharge (cfs)

TSS vs Discharge - All Upriver Data

Precipitation Event (Detects)
No Precipitation Event (Detects)
Precipitation Event (Nondetects)
No Precipitation Event (Nondetects)

1

10

100

1000 10000 100000 1000000

TS
S 

(m
g/

L)

Discharge (cfs)

TSS vs Discharge - Rainfall-Influenced Upriver Data

Precipitation Event (Detects)
Precipitation Event (Nondetects)

1

10

100

1000 10000 100000 1000000

TS
S 

(m
g/

L)

Discharge (cfs)

TSS vs Discharge - Non-Rainfall-Influenced Upriver Data
No Precipitation Event (Detects)

No Precipitation Event (Nondetects)

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 3.1-28 
Portland Harbor RI/FS 

Remedial Investigation Report 
TSS vs. Discharge – Study Area Data 
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Work Product Prepared in Anticipation of Litigation

    Figure 3.1-29
       Portland Harbor RI/FS

       Remedial Investigation Report
  LISST Suspended Particle Size

       Measurements with Depth
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Figure 3.1-30 
Portland Harbor RI/FS 

Remedial Investigation Report 
Five-year High-flow Flood Scenario Hydrograph 
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Figure 3.2-3 
Portland Harbor RI/FS 

Remedial Investigation Report 
CSO Design 
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              Figure 3.2-4 
              Portland Harbor RI/FS 
 Remedial Investigation Report 

       Separate and Combined Sewer Systems and 
Interceptor Facilities and Potential SSO Locations

26

5

5

5

405

OF52

OF17

OF24

OF53A

OFM-1

OF44A

OF22B

Combined AreasInterceptor Built 1948-1954

CBWTP Pipes

Abatement Date 1992-1996Interceptor Built 1970-1973

Abatement Date 2000

Abatement Date 2006

Columbia Boulevard
Treatment Plant (CBWTP)

S:/gis/sarag/sewerincerceptor map final ri.mxd

Freeways

Streets

Municipal and Non-Municipal
Separated Area

Study Area: Separated and Combined Sewer Areas, 
Interceptors, and Potential SSO Locations

Legend

SSO Outfall

Abatement Date 2011

0 4,000 8,0002,000 Feet

Sanitary Pump Station with SSO Potential

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 3.2-5 
Portland Harbor RI/FS 

         Remedial Investigation Report 
   Intercepting Sewer System - 1952 
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     Figure 3.2-6 
     Portland Harbor RI/FS 

      Remedial Investigation Report 
        Willamette River Harbor Pollution Survey Areas 
      Needing Sewage Disposal System (OSSA 1963)
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Figure 4.3-1
Portland Harbor RI/FS

Remedial Investigation Report
Sources of Pollution Problems in the Northwest Region in 1968

Note: Table reproduced from DOI 1968 (Table 4).
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Figure 5.1-1 
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Figure 5.1-2 
Portland Harbor RI/FS 

Remedial Investigation Report 
Correlation Plot of Carcinogenic PAHs and 

Total PAHs in Surface Sediment 
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Figure 5.1-3 
Portland Harbor RI/FS 

Remedial Investigation Report 
Correlation Plot of Low Molecular Weight PAHs and 

Total PAHs in Surface Sediment 
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Figure 5.1-4 
Portland Harbor RI/FS 

Remedial Investigation Report 
Correlation Plot of High Molecular Weight PAHs and 

Total PAHs in Surface Sediment 
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Figure 5.1-5 
Portland Harbor RI/FS 

Remedial Investigation Report 
Correlation Plot of PCB TEQ and 
Total PCBs in Surface Sediment 
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Figure 5.2-3 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Total PCBs Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8)  
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Figure 5.2-6 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Total PCDD/Fs Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8)  
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Figure 5.2-9 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean TCDD TEQ Concentration 
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Figure 5.2-12 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean DDx Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8) 
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Figure 5.2-15 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Total PAHs Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8) 
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Figure 5.2-18 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Bis(2-ethylhexyl) phthalate Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8)  
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Figure 5.2-21 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Total Chlordanes Concentration 
in Surface and Subsurface Sediment (RM 1.9–11.8)  
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Figure 5.2-24 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Aldrin Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8)  
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Figure 5.2-27 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Dieldrin Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8)  
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Figure 5.2-30 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Arsenic Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8)  
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Figure 5.2-33 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Chromium Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8)  
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Figure 5.2-36 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Copper Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8)  
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Figure 5.2-39 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Zinc Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8)  
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Figure 5.2-42 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Mean Tributyltin Ion Concentration 

in Surface and Subsurface Sediment (RM 1.9–11.8)  
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Figure 5.3-1a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total PCB Congener Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
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Figure 5.3-1b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total PCB Congener Concentrations 

for In-River Sediment Traps, 2009 
 

Note: Samples were not collected in the 1st and 2nd quarters.   

0

30

60

90

120

150

ST001 ST002 ST003 ST004 ST005 ST006 ST007

11 E 11.1 E 11.3 E 11.5 E 11.7 E 11.8 E 12 E

To
ta

l P
C

B
 C

on
ge

ne
rs

 (μ
g/

kg
, d

ry
) 

Total PCB Congeners 
3rd Quarter 4th Quarter

Tr
ap

 L
os

t 

549 

Station and River Mile (E = east side) 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 5.3-2a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total PCB Aroclor Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
ND = not detected at quarter shown 

0

40

80

120

160

200

ST
00

2

ST
00

1

ST
00

3

ST
01

1

ST
01

2

ST
00

4

ST
00

5

ST
01

3

ST
01

4

ST
00

6

ST
01

5

ST
01

6

ST
00

7

ST
00

8

ST
01

0

ST
00

9

1.8
W

1.9
E

Mult
Chan

3.5
E

4.5
W

6.0
E

6.0
W

6.7
E

7.5
W

Swan
Lagn

9.7
W

9.9
E

11.3
E

11.5
W

15.6
W

15.7
E

To
ta

l P
C

B
 A

ro
cl

or
s 

(μ
g/

kg
, d

ry
) 

Station and River Mile (E=east side, W=west side) 

Total PCB Aroclors 

1st Qtr 2nd Qtr 3rd Qtr 4th Qtr 1,800 
2,600 

ND
 (Q

tr 
1)

 

ND
 (Q

tr 
2)

 

ND
 (Q

tr 
3)

 

ND
 (Q

tr 
4)

 

ND
 (Q

tr 
1)

 

ND
 (Q

tr 
1)

 

ND
 (Q

tr 
1)

 

ND
 (Q

tr 
1)

 

ND
 (Q

tr 
1)

 

ND
 (Q

tr 
4)

 

ND
 (Q

tr 
3)

 
ND

 (Q
tr 

4)
 

ND
 (Q

tr 
3)

 
ND

 (Q
tr 

4)
 

ND
 (Q

tr 
1)

 

ND
 (Q

tr 
4)

 

ND
 (Q

tr 
2)

 

ND
 (Q

tr 
4)

 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 5.3-2b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total PCB Aroclor Concentrations 

for In-River Sediment Traps, 2009 

Note: Samples were not collected in the 1st and 2nd quarters. 
ND = not detected at quarter shown 
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Figure 5.3-3a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total PCDD/F Homolog Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
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Figure 5.3-3b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total PCDD/F Homolog Concentrations 

for In-River Sediment Traps, 2009 
 

Note: Samples were not collected in the 1st and 2nd quarters.   

0

200

400

600

800

1000

1200

1400

1600

1800

ST001 ST002 ST003 ST004 ST005 ST006 ST007

11 E 11.1 E 11.3 E 11.5 E 11.7 E 11.8 E 12 E

To
ta

l P
C

D
D

/F
 H

om
ol

og
s 

(p
g/

g,
 d

ry
 w

t.)
 

Total PCDD/F Homologs 
3rd Quarter 4th Quarter

Tr
ap

 L
os

t 

N
ot

 a
na

ly
ze

d 
Station and River Mile (E = east side) 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 5.3-4a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total TCDD TEQ (ND=0) Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
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Figure 5.3-4b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total TCDD TEQ (ND=0) Concentrations 

for In-River Sediment Traps, 2009 
 

Note: Samples were not collected in the 1st and 2nd quarters.   
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Figure 5.3-5a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of DDx Concentrations 
for In-River Sediment Traps, 2007 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
ND = not detected at value shown 

0

10

20

30

40

50

S
T0

02

S
T0

01

S
T0

03

S
T0

11

S
T0

12

S
T0

04

S
T0

05

S
T0

13

S
T0

14

S
T0

06

S
T0

15

S
T0

16

S
T0

07

S
T0

08

S
T0

10

S
T0

09

1.8
W

1.9
E

Mult
Chan

3.5
E

4.5
W

6.0
E

6.0
W

6.7
E

7.5
W

Swan
Lagn

9.7
W

9.9
E

11.3
E

11.5
W

15.6
W

15.7
E

D
D

x 
(μ

g/
kg

, d
ry

) 

Station and River Mile (E=east side, W=west side) 

DDx 

1st Qtr 2nd Qtr 3rd Qtr 4th Qtr
150 

ND
 

Portland Harbor RI/FS Final Remedial Investigation Report
February 8, 2016



Figure 5.3-5b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of DDx Concentrations 
for In-River Sediment Traps, 2009 

Note: Samples were not collected in the 1st and 2nd quarters. 
ND = not detected at quarter shown 
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Figure 5.3-6a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total PAH Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
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Figure 5.3-6b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total PAHs Concentrations 

for In-River Sediment Traps, 2009 
 

Note: Samples were not collected in the 1st and 2nd quarters.   
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Figure 5.3-7a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Bis(2-ethyhexyl)phthalate Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
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Figure 5.3-7b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Bis(2-ethyhexyl)phthalate Concentrations 

for In-River Sediment Traps, 2009 
 

Note: Samples were not collected in the 1st and 2nd quarters.   
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Figure 5.3-8a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total Chlordanes Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
ND = not detected at quarter shown 
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Figure 5.3-8b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Total Chlordanes Concentrations 

for In-River Sediment Traps, 2009 
 

Note: Samples were not collected in the 1st and 2nd quarters. 
 ND = not detected at quarter shown   
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Figure 5.3-9a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Aldrin Concentrations 
for In-River Sediment Traps, 2007 

 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
ND = not detected at quarter shown 
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Figure 5.3-9b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Aldrin Concentrations 
for In-River Sediment Traps, 2009 

 

Note: Samples were not collected in the 1st and 2nd quarters. 
 ND = not detected at quarter shown   
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Figure 5.3-10a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Dieldrin Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
ND = not detected at quarter shown 
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Figure 5.3-10b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Dieldrin Concentrations 

for In-River Sediment Traps, 2009 
 

Note: Samples were not collected in the 1st and 2nd quarters. 
 ND = not detected at quarter shown   
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Figure 5.3-11a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Arsenic Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
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Figure 5.3-11b
Portland Harbor RI/FS

Remedial Investigation Report
Histogram of Arsenic Concentrations

for In-River Sediment Traps, 2009

 
 
 
 
 

 

Note: Samples were not collected in the 1st and 2nd quarters.   
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Figure 5.3-12a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Chromium Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
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Figure 5.3-12b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Chromium Concentrations 

for In-River Sediment Traps, 2009 
 

Note: Samples were not collected in the 1st and 2nd quarters.   
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Figure 5.3-13a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Copper Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
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Figure 5.3-13b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Copper Concentrations 

for In-River Sediment Traps, 2009 
 

Note: Samples were not collected in the 1st and 2nd quarters.   
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Figure 5.3-14a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Zinc Concentrations 
for In-River Sediment Traps, 2007 

 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
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Figure 5.3-14b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Zinc Concentrations 
for In-River Sediment Traps, 2009 

 

Note: Samples were not collected in the 1st and 2nd quarters.   
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Figure 5.3-15a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Tributyltin Ion Concentrations 

for In-River Sediment Traps, 2007 
 

Note: Blank spaces within station groupings indicate that traps were lost or the quarterly volume of material collected was not sufficient for analysis. 
ND = not detected at value shown 
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Figure 5.3-15b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Tributyltin Ion Concentrations 

for In-River Sediment Traps, 2009 
 

Note: Samples were not collected in the 1st and 2nd quarters. 
 ND = not detected at quarter shown   
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All Data: y = -0.003x + 0.3138 
R² = 0.3837 

Qtr 1 (2007): y = -0.0038x + 0.4219 
R² = 0.4417 

Qtr 2 (2007): y = -0.0017x + 0.1897 
R² = 0.4626 

Qtr 3 (2007): y = -0.0002x + 0.0501 
R² = 0.0063 

Qtr 4 (2007): y = -0.0006x + 0.0855 
R² = 0.1398 

Qtr 4 (2009): y = -0.0009x + 0.1443 
R² = 0.793 
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Figure 5.3-16 
Portland Harbor RI/FS 

Remedial Investigation Report 
Regression of Sediment Accumulation Rate of Trapped 

Sediment for In-River Sediment Trap Sampling 
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Figure 5.3-17 
Portland Harbor RI/FS 

Remedial Investigation Report 
Regression of Total PCB Congener and PCB Aroclor 

Concentrations for In-River Sediment Traps 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 5.3-18a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Grain Size Distribution of Sediment Trap 

 Samples by Quarter, 2007 

Willamette River Mean Daily Discharge 
at Portland, Per Season (cfs x 1,000) 

Minimum   Mean Maximum 
 12 71.5 140 
17.5 38.5 79.8 
7.18 12.4 24.2 
7.42 12.1 33.6 
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Figure 5.3-18b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Grain Size Distribution of Sediment Trap 

Samples by Quarter, 2009 
 

Willamette River Mean Daily Discharge 
at Portland, Per Season (cfs x 1,000) 

Minimum    Mean Maximum 
6.26  9.75 12.90 
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Figure 5.3-19a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Hydrograph of the Willamette River at Portland  

During In-River Sediment Trap Sampling 
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Figure 5.3-19b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Hydrograph of the Willamette River at Portland  

During In-River Sediment Trap Sampling 
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Figure 5.3-20b
Portland Harbor RI/FS

Remedial Investigation Report
Histograms of Sediment Accumulation Rates by Quarter and

Corresponding Frequency Distribution of 
Willamette River Discharge, 2009
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Figure 5.3-21a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Accumulation Rate of Trapped Sediment  

for In-River Sediment Trap Sampling, 2007 
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Note: Blank spaces within station groupings indicate that the quarterly volume of material collected was not sufficient for analysis.  
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Figure 5.3-21b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Accumulation Rate of Trapped Sediment  

for In-River Sediment Trap Sampling, 2009 

Note: Samples were not collected in the 1st and 2nd quarters.   
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Figure 5.4-1 
Portland Harbor RI/FS 

Remedial Investigation Report 
Hydrograph of Willamette River Comparing Average Daily Discharge 

for Period of Record (1972-2008) and Average Daily Discharge 
During Individual Surface Water Sampling Events by Day of Year 
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Figure 5.4-2a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Hydrograph of Average Daily Discharge for Willamette River (1972-2008) 

and Daily Discharge during Surface Water Sampling Events by Day of 
Year with Hyetograph of Precipitation Events (2004) 
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Figure 5.4-2b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Hydrograph of Average Daily Discharge for Willamette River (1972-2008) 

and Daily Discharge during Surface Water Sampling Events by Day of 
Year with Hyetograph of Precipitation Events (2005) 
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Figure 5.4-2c 
Portland Harbor RI/FS 

Remedial Investigation Report 
Hydrograph of Average Daily Discharge for Willamette River (1972-2008) 

and Daily Discharge during Surface Water Sampling Events by Day of 
Year with Hyetograph of Precipitation Events (2006) 

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



0

0.5

1

1.5

2

2.5

3

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

200,000

Pr
ec

ip
ita

tio
n 

(in
ch

es
) 

W
ill

am
et

te
 R

iv
er

 D
is

ch
ar

ge
 (c

fs
) 

Jan 2007 HF 
(59,800 cfs) 

Gasco 
SW 

Sampling 
 

Figure 5.4-2d 
Portland Harbor RI/FS 

Remedial Investigation Report 
Hydrograph of Average Daily Discharge for Willamette River (1972-2008) 

and Daily Discharge during Surface Water Sampling Events by Day of 
Year with Hyetograph of Precipitation Events (2007) 
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Figure 5.4-3 
Portland Harbor RI/FS 

Remedial Investigation Report 
Hydrograph of Willamette River Comparing Measured Average Daily 

Discharge with Modeled Average Daily Discharge at RM 4, RM 2, and 
Multnomah Channel by Day of Year (2003–2007) 

Morrison Bridge, Measured 25-yr Average Discharge

RM 4, Modeled 4-yr Average Discharge
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Figure 5.4-4 
Portland Harbor RI/FS 

Remedial Investigation Report 
Hydrograph of Willamette River Presenting Modeled Daily Average 

Discharge at RM 4, RM 2, and Multnomah Channel for Each Day 
During Period 2003–2007 
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Figure 5.4-5 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Organic Carbon Content vs. Flow Rate in 

Surface Water, RM 2-16 (Peristaltic) 
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Figure 5.4-6 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Organic Carbon Content vs. River Mile in 

Surface Water, RM 2-16 (Peristaltic) 
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Figure 5.4-7 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plots of Concentration at Surface Water Transect 

Stations by Sample Event –Particulate Organic Carbon 
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Figure 5.4-8 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plots of Concentration at Surface Water Transect 

Stations by Sample Event –Dissolved Organic Carbon 
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Figure 5.4-9 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Organic Carbon Content vs. Total Suspended Solids 

Concentrations in Surface Water, RM 2-16 (Peristaltic) 
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Figure 5.4-10 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point Total PCBs 
Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−11b 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of Total PCBs Concentrations in Surface Water, RM 2−16 (Scale Zoomed)
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Figure 5.4-12 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect Total PCBs Concentrations in 

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-13a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected Total PCBs Concentrations in  

Surface Water by River Mile (RM 2-16) 
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Figure 5.4-13b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected Total PCBs Concentrations in  

Surface Water by River Mile (RM 2-16), Scale Zoom 

0.0E+00

5.0E-04

1.0E-03

1.5E-03

2.0E-03

2.5E-03

3.0E-03

3.5E-03

4.0E-03

0 2 4 6 8 10 12 14 16 18

To
ta

l P
C

B
 C

on
ge

ne
rs

 (µ
g/

L)
 

River Mile 

Point Samples (High Flow)

Point Samples (Low Flow)

Point Samples (Stormwater-
Influenced)

Transect Samples (High Flow)

Transect Samples (Low Flow)

Transect Samples (Stormwater-
Influenced)

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 5.4-14 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point Total PCDD/Fs 

Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−15 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of Total PCDD/Fs Concentrations in Surface Water, RM 2−16
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Figure 5.4-16 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect Total PCDD/Fs Concentrations in 

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-17 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected Total PCDD/Fs Concentrations in  

Surface Water by River Mile (RM 2-16) 
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Figure 5.4-18 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point TCDD TEQ 
Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−19b 
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Figure 5.4-20 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point DDx 

Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−21b 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of DDx Concentrations in Surface Water, RM 2−16 (Scale Zoomed)
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Figure 5.4-22 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect DDx Concentrations in 

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-23a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected DDx Concentrations in 

Surface Water by River Mile (RM 2-16) 
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Figure 5.4-23b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected DDx Concentrations in 

Surface Water by River Mile (RM 2-16), Scale Zoom 
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Figure 5.4-24 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point Total PAHs 
Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−25b 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of Total PAHs Concentrations in Surface Water, RM 2−16 (Scale Zoomed)
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Figure 5.4-26 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect Total PAHs Concentrations in  

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-27 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected Total PAHs Concentrations in  

Surface Water by River Mile (RM 2-16) 
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Figure 5.4-28 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point BEHP 

Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−29b 
 Portland Harbor RI/FS  

Remedial Investigation Report
 Histogram by Channel Position of BEHP Concentrations in Surface Water, RM 2−16 (Scale Zoomed)
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Figure 5.4-30 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect BEHP Concentrations in  

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-31 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected BEHP Concentrations in  

Surface Water by River Mile (RM 2-16) 
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Figure 5.4-32 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point Total Chlordanes 

Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−33a 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of Total Chlordanes Concentrations in Surface Water, RM 2−16
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Figure 5.4− 33b 
 Portland Harbor RI/FS

 Remedial Investigation Report
    Histogram by Channel Position of Total Chlordanes Concentrations in Surface Water, RM 2−16 (Scale Zoomed)
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Figure 5.4-34 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect Total Chlordanes Concentrations in 

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-35 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected Total Chlordanes Concentrations in  

Surface Water by River Mile (RM 2-16) 
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Figure 5.4−37b 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of Aldrin Concentrations in Surface Water, RM 2−16 (Scale Zoomed)
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Figure 5.4-38 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect Aldrin Concentrations in  

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-39 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected Aldrin Concentrations in  

Surface Water by River Mile (RM 2-16) 
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Figure 5.4-40 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point Dieldrin 

Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−41b 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of Dieldrin Concentrations in Surface Water, RM 2−16 (Scale Zoomed)
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Figure 5.4-42 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect Dieldrin Concentrations in  

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-43 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected Dieldrin Concentrations in  

Surface Water by River Mile (RM 2-16) 

0.0E+00

5.0E-05

1.0E-04

1.5E-04

2.0E-04

2.5E-04

3.0E-04

3.5E-04

4.0E-04

0 2 4 6 8 10 12 14 16 18

D
ie

ld
rin

 (µ
g/

L)
 

River Mile 

Point Samples (High Flow)

Point Samples (Low Flow)

Point Samples (Stormwater-
Influenced)
Transect Samples (High
Flow)
Transect Samples (Low
Flow)
Transect Samples
(Stormwater-Influenced)

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 5.4-44 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point Arsenic 

Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−45 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of Arsenic Concentrations in Surface Water, RM 2−16
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Figure 5.4-46 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect Arsenic Concentrations in  

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-47 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected Arsenic Concentrations in  

Surface Water by River Mile (RM 2-16) 
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Figure 5.4-48 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point Chromium 

Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−49 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of Chromium Concentrations in Surface Water, RM 2−16
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Figure 5.4-50 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect Chromium Concentrations in  

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-51 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected Chromium Concentrations in  

Surface Water by River Mile (RM 2-16) 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0 2 4 6 8 10 12 14 16 18

C
hr

om
iu

m
 (µ

g/
L)

 

River Mile 

Point Samples (High Flow)

Point Samples (Low Flow)

Point Samples (Stormwater-
Influenced)
Transect Samples (High Flow)

Transect Samples (Low Flow)

Transect Samples (Stormwater-
Influenced)

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 5.4-52 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point Copper 

Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−53 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of Copper Concentrations in Surface Water, RM 2−16

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 5.4-54 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect Copper Concentrations in  

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-55 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected Copper Concentrations in  

Surface Water by River Mile (RM 2-16) 
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Figure 5.4-56 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point Zinc 

Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4− 57b 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of Zinc Concentrations in Surface Water, RM 2−16 (Scale Zoomed)
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Figure 5.4-58 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect Zinc Concentrations in  

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-59 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected Zinc Concentrations in  

Surface Water by River Mile (RM 2-16) 
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Figure 5.4-60 
Portland Harbor RI/FS 

Remedial Investigation Report 
Histogram of Transect and Mean Single-Point TBT 

Concentrations in Surface Water by Flow Event (RM 2-16) 
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Figure 5.4−61 
 Portland Harbor RI/FS

 Remedial Investigation Report
 Histogram by Channel Position of Tributyltin Ion Concentrations in Surface Water, RM 2−16
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Figure 5.4-62 
Portland Harbor RI/FS 

Remedial Investigation Report 
Line Plot of Transect TBT Concentrations in  

Surface Water by River Mile (RM 2–16) 
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Figure 5.4-63 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Detected TBT Concentrations in  

Surface Water by River Mile (RM 2-16) 
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Figure 5.4-64 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Total PCB Congener Concentrations in 

Surface Water vs. Flow Rate, RM 2–16 (XAD) 
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Figure 5.4-65 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Total PCB Congener Dissolved Concentrations in 

Surface Water vs. Flow Rate, RM 2–16 (XAD) 
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Figure 5.4-66 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Total PCB Congener Particulate Concentrations in 

Surface Water vs. Flow Rate, RM 2–16 (XAD) 
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Figure 5.4-67 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Total PCB Congener Concentrations vs. Total 

Suspended Solids Concentrations in Surface Water, RM 2–16 (XAD) 
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Figure 5.4-68a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Total PCB Congener Particulate 
Concentrations vs. Particulate Organic Carbon 

Concentrations in Surface Water, RM 2–16 (XAD) 
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Figure 5.4-68b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Total PCB Congener Particulate  
Concentrations vs. Particulate Organic Carbon  

Concentrations in Surface Water, RM 2–16 (XAD), Scale Zoom 
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Figure 5.4-69 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Total PCDD/Fs Concentrations vs. Total Suspended 

Solids Concentrations in Surface Water, RM 2–16 (XAD) 
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Figure 5.4-70 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Total PCDD/F Particulate Concentrations vs. Particulate 

Organic Carbon Concentrations in Surface Water, RM 2-16 (XAD) 
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Figure 5.4-71a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of DDx Concentrations in Surface Water vs. 

Flow Rate, RM 2–16 (XAD) 
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Figure 5.4-71b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of DDx Concentrations in Surface Water vs. 

Flow Rate, RM 2–16 (XAD), Scale Zoom 
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Figure 5.4-72a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of DDx Concentrations vs. Total Suspended 
Solids Concentrations in Surface Water, RM 2–16 (XAD) 
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Figure 5.4-72b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of DDx Concentrations vs. Total Suspended Solids 
Concentrations in Surface Water, RM 2–16 (XAD), Scale Zoom 
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Figure 5.4-73a 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of DDx Particulate Concentrations vs. Particulate 

Organic Carbon Concentrations in Surface Water, RM 2–16 (XAD) 
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Figure 5.4-73b 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of DDx Particulate Concentrations vs. Particulate Organic 

Carbon Concentrations in Surface Water, RM 2–16 (XAD), Scale Zoom 
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Figure 5.4-74 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Total PAHs Concentrations in Surface Water vs. 

Flow Rate, RM 2–16 (XAD) 
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Figure 5.4-75 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Total PAHs Concentrations vs. Total Suspended 

Solids Concentrations in Surface Water, RM 2–16 (XAD) 
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Figure 5.4-76 
Portland Harbor RI/FS 

Remedial Investigation Report 
Scatter Plot of Total PAH Particulate Concentrations vs. Particulate 
Organic Carbon Concentrations in Surface Water, RM 2–16 (XAD) 
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Figure 5.5-1a
Portland Harbor RI/FS

Remedial Investigation Report
Scatter Plots of DDx Concentrations in Transition 

Zone Water, Filtered and Unfiltered Peeper Samples
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Figure 5.5-1b
Portland Harbor RI/FS

Remedial Investigation Report
Scatter Plots of Total PAHs Concentrations in Transition 

Zone Water, Filtered and Unfiltered Peeper Samples
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Figure 5.5-1c
Portland Harbor RI/FS
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Scatter Plots of Arsenic Concentrations in Transition 
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Figure 5.5-1d
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Scatter Plots of Chromium Concentrations in Transition 
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Figure 5.5-1e
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Scatter Plots of Copper Concentrations in Transition 
Zone Water, Filtered and Unfiltered Peeper Samples
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Figure 5.5-1f
Portland Harbor RI/FS

Remedial Investigation Report
Scatter Plots of Zinc Concentrations in Transition 

Zone Water, Filtered and Unfiltered Peeper Samples

0

250

500

750

1,000

1,250

1,500

4 5 6 7 8

Zi
nc

 C
on

ce
nt

ra
tio

n 
(µ

g/
L)

Push probe sample w ith 
concentration of 3,590 µg/L collected 
at GS-B4 not show n at this scale.

0

5

10

15

20

25

4 5 6 7 8

Zi
nc

 C
on

ce
nt

ra
tio

n 
(µ

g/
L)

Trident sample w ith concentration of 
526 µg/L collected at R2-AR-01 not 
show n at this scale.

N
ot

e:
 U

nf
ilt

er
ed

 a
nd

 fi
lte

re
d 

pl
ot

s 
sh

ow
n 

at
 d

iff
er

en
t s

ca
le

s.
Unfiltered and Peeper Samples

Trident, 0-30 cm BML

Trident, 90-150 cm BML
Non-LWG Push Probe, 0-90 cm BML

Peeper, 0-38 cm BML

Non-detect values shown at the full 
detection limit as hollow symbols

Filtered and Peeper Samples
Trident, 0-30 cm BML

Trident, 90-150 cm BML
Non-LWG Push Probe, 0-90 cm BML

Peeper, 0-38 cm BML

Non-detect values shown at the full 
detection limit as hollow symbols

River Mile (downstream  upstream)

River Mile (downstream  upstream)

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

To
ta

l P
C

B
s 

(µ
g/

kg
)

1 2 3 4 5 6 7 8 9 10 11 12

     1

    10

   100

  1000

 10000

100000

●

●

●●

●

Figure 5.6−1a

Portland Harbor RI/FS
Remedial Investigation Report

Scatter Plot of Total PCBs in
Tissue Samples by River Mile, RM 0.8−12.2

 

● Clam, depurated Clam, lab, not depurated Clam, not depurated

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

To
ta

l P
C

B
s 

(µ
g/

kg
)

1 2 3 4 5 6 7 8 9 10 11 12

     1

    10

   100

  1000

 10000

100000

●

●

●

●

●

●

●

●

●

●
● ●●

● ●
● ● ●

●
●

●

●

●

●

●●

●●
●

●

●

● ●

●
●

●

Figure 5.6−1b

Portland Harbor RI/FS
Remedial Investigation Report 

Scatter Plot of Total PCBs in
Tissue Samples by River Mile, RM 0.8−12.2

● Crayfish, whole body

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

To
ta

l P
C

B
s 

(µ
g/

kg
)

1 2 3 4 5 6 7 8 9 10 11 12

     1

    10

   100

  1000

 10000

100000

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
● ●

●

●

● ●

●
● ●

●

● ●

●

●

●
● ●

● ●

●

●

●

●

●
●

●

Figure 5.6−1c

Portland Harbor RI/FS
Remedial Investigation Report 

Scatter Plot of Total PCBs in
Tissue Samples by River Mile, RM 0.8−12.2

● Sculpin, whole body

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

To
ta

l P
C

B
s 

(µ
g/

kg
)

1 2 3 4 5 6 7 8 9 10 11 12

     1

    10

   100

  1000

 10000

100000

●

●

●

●

●

●

●

●
●

●
●●

●
●

●
●

●
●

●●

● ● ● ●

●

●
● ● ●

●
●

●

Figure 5.6−1d

Portland Harbor RI/FS
Remedial Investigation Report 

Scatter Plot of Total PCBs in
Tissue Samples by River Mile, RM 0.8−12.2

● Smallmouth bass, whole body

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

To
ta

l P
C

B
s 

(µ
g/

kg
)

1 2 3 4 5 6 7 8 9 10 11 12

     1

    10

   100

  1000

 10000

100000

●

●

●

●

●
●

●

●●
●

●

●

●

●●

●

●●

●

● ●●

●

●

● ●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

Figure 5.6−1e

Portland Harbor RI/FS
 Remedial Investigation Report 

Scatter Plot of Total PCBs in
Tissue Samples by River Mile, RM 0.8−12.2

● Lumbriculus, whole body

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

To
ta

l P
C

D
D

/F
s 

(p
g/

g)

1 2 3 4 5 6 7 8 9 10 11 12

    0.1

    1.0

   10.0

  100.0

 1000.0

10000.0

●
● ●

●
●

Figure 5.6−2a

Portland Harbor RI/FS
Remedial Investigation Report

Scatter Plot of Total PCDD/Fs in
Tissue Samples by River Mile, RM 0.8−12.2

 

● Clam, depurated Clam, lab, not depurated Clam, not depurated

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

To
ta

l P
C

D
D

/F
s 

(p
g/

g)

1 2 3 4 5 6 7 8 9 10 11 12

    0.1

    1.0

   10.0

  100.0

 1000.0

10000.0

●

●

●
●

●
●●

●

●

● ●

●

●

●
●

●

●

●

●

Figure 5.6−2b

Portland Harbor RI/FS
Remedial Investigation Report 

Scatter Plot of Total PCDD/Fs in
Tissue Samples by River Mile, RM 0.8−12.2

● Crayfish, whole body

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

To
ta

l P
C

D
D

/F
s 

(p
g/

g)

1 2 3 4 5 6 7 8 9 10 11 12

    0.1

    1.0

   10.0

  100.0

 1000.0

10000.0

●

● ●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

● ●

● ● ●

●

●

●

Figure 5.6−2c

Portland Harbor RI/FS
Remedial Investigation Report

Scatter Plot of Total PCDD/Fs in
Tissue Samples by River Mile, RM 0.8−12.2

 

● Sculpin, whole body

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

To
ta

l P
C

D
D

/F
s 

(p
g/

g)

1 2 3 4 5 6 7 8 9 10 11 12

    0.1

    1.0

   10.0

  100.0

 1000.0

10000.0

●

●

●
●

●

●

●

●

●

●●●

●
●

●
●

●

●

●●●

● ● ●
●

● ● ●

●

●

●

●

Figure 5.6−2d

Portland Harbor RI/FS
Remedial Investigation Report 

Scatter Plot of Total PCDD/Fs in
Tissue Samples by River Mile, RM 0.8−12.2

● Smallmouth bass, whole body

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

To
ta

l P
C

D
D

/F
s 

(p
g/

g)

1 2 3 4 5 6 7 8 9 10 11 12

    0.1

    1.0

   10.0

  100.0

 1000.0

10000.0

●

●

●

●

●
●

●

●

●

● ●

●
●

●

● ●

●
●

●

●
●

●

●

●

●

●

●

●
● ● ●

●

●

●

Figure 5.6−2e

Portland Harbor RI/FS
Remedial Investigation Report 

Scatter Plot of Total PCDD/Fs in
Tissue Samples by River Mile, RM 0.8−12.2

● Lumbriculus, whole body

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

T
C

D
D

 T
E

Q
 (

N
D

 =
 0

) 
(p

g/
g)

1 2 3 4 5 6 7 8 9 10 11 12

   0.0001

   0.0010

   0.0100

   0.1000

   1.0000

  10.0000

 100.0000

1000.0000

●
●

●
●

●

Figure 5.6−3a

Portland Harbor RI/FS
Remedial Investigation Report

Scatter Plot of TCDD TEQ (ND = 0) in
Tissue Samples by River Mile, RM 0.8−12.2

 
 

● Clam, depurated Clam, lab, not depurated Clam, not depurated

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

T
C

D
D

 T
E

Q
 (

N
D

 =
 0

) 
(p

g/
g)

1 2 3 4 5 6 7 8 9 10 11 12

   0.0001

   0.0010

   0.0100

   0.1000

   1.0000

  10.0000

 100.0000

1000.0000

●

●
●●

● ●●

●

●

●
●

● ●

●
●

●●

●

●

Figure 5.6−3b

Portland Harbor RI/FS
Remedial Investigation Report 

Scatter Plot of TCDD TEQ (ND = 0) in 
Tissue Samples by River Mile, RM 0.8−12.2

● Crayfish, whole body

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

T
C

D
D

 T
E

Q
 (

N
D

 =
 0

) 
(p

g/
g)

1 2 3 4 5 6 7 8 9 10 11 12

   0.0001

   0.0010

   0.0100

   0.1000

   1.0000

  10.0000

 100.0000

1000.0000

●
●

●

●

●

●

●

●
●

●

●

●
●

●●
●

● ● ●
● ● ●

●

●

●

Figure 5.6−3c

Portland Harbor RI/FS
Remedial Investigation Report 

Scatter Plot of TCDD TEQ (ND = 0) in 
Tissue Samples by River Mile, RM 0.8−12.2

● Sculpin, whole body

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

T
C

D
D

 T
E

Q
 (

N
D

 =
 0

) 
(p

g/
g)

1 2 3 4 5 6 7 8 9 10 11 12

   0.0001

   0.0010

   0.0100

   0.1000

   1.0000

  10.0000

 100.0000

1000.0000

●
●

● ●
●

●

●

● ●
●

●●

●
●
●
● ●

●

●
●●

● ● ● ●

● ● ●
●

●

●
●

Figure 5.6−3d

Portland Harbor RI/FS
Remedial Investigation Report 

Scatter Plot of TCDD TEQ (ND = 0) in 
Tissue Samples by River Mile, RM 0.8−12.2

● Smallmouth bass, whole body

●

●

Detected
Non−Detected

‡
‡

‡
‡

East
Chan/FZ

West
MC

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



River Mile

T
C

D
D

 T
E

Q
 (

N
D

 =
 0

) 
(p

g/
g)

1 2 3 4 5 6 7 8 9 10 11 12

   0.0001

   0.0010

   0.0100

   0.1000

   1.0000

  10.0000

 100.0000

1000.0000

●
●

●

●
●●

●

●

●

● ●

● ●
●● ●

●
● ● ●

●

●

●

●

●

●

●

●
●

● ●

●

●

●

Figure 5.6−3e

Portland Harbor RI/FS
Remedial Investigation Report 
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a Load estimate includes a non-representative site which may lead to increased uncertainty related to the stormwater sampling program 
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Figure 6.1-32
Portland Harbor RI/FS

Remedial Investigation Report
Plots of Atmospheric Deposition Loading Ranges 

PCBs and TCDD TEQ (ND=0) – Study Area

Lower Load Estimate

NA: Data not available.
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Portland Harbor RI/FS

Remedial Investigation Report
Plots of Atmospheric Deposition Loading Ranges 

DDx and Aldrin, Dieldrin, gamma-Hexachlorocyclohexane, 
and Total Chlordanes Pesticides – Study Area

Lower Load Estimate

NA: Data not available.
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Figure 6.1-34
Portland Harbor RI/FS

Remedial Investigation Report
Plots of Atmospheric Deposition Loading Ranges 

PAHs – Study Area

Lower Load Estimate

NA: Data not available.
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Figure 6.1-36
Portland Harbor RI/FS

Remedial Investigation Report
Plots of Atmospheric Deposition Loading Ranges 

Metals – Study Area

Lower Load Estimate
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Figure 6.1-37
Portland Harbor RI/FS

Remedial Investigation Report
Plots of Groundwater Plume Loading Ranges 

DDx Pesticides – Entire Study Area

Lower Load Estimate

Note:
Unfiltered pesticide results are likely biased high due to entrainment of sediments in the TZW samples.
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Portland Harbor RI/FS
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Plots of Groundwater Plume Loading Ranges 

PAHs – Entire Study Area

Lower Load Estimate
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Figure 6.1-39
Portland Harbor RI/FS

Remedial Investigation Report
Plots of Groundwater Plume Loading Ranges 

Metals – Entire Study Area

Lower Load Estimate
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Portland Harbor RI/FS

Remedial Investigation Report
Plots of Groundwater Plume Loading Ranges 

VOCs (Group 1) – Entire Study Area

Lower Load Estimate
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Figure 6.1-41
Portland Harbor RI/FS

Remedial Investigation Report
Plots of Groundwater Plume Loading Ranges 

VOCs (Group 2) and SVOCs – Entire Study Area

Lower Load Estimate
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Figure 6.1-42
Portland Harbor RI/FS 

Remedial Investigation Report
Plot of Groundwater Plume Loading Ranges 

DDx – Upland Area Presentation

Note:
Unfiltered pesticide results are likely biased high due to entrainment of sediments in the TZW samples.
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Figure 7.2-1 
Portland Harbor RI/FS

Remedial Investigation Report
Correlation Plot of PCB Aroclors vs. PCB Congeners for

Background Sediment Data
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Figure 7.2-2 
Portland Harbor RI/FS 

Remedial Investigation Report 
Comparison of PCB Aroclor and PCB Congener Data 

for Background Sediment by River Mile 
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Future
Dockside 
Workers(b)

In-water 
Workers(b) Transients Divers(b) 

Recreational 
Beach Users

Tribal 
Fishers(b) Fishers(b,c)

Domestic 
Water Users

Ingestion ● x ● x ● ● ● x
Dermal Absorption ● x ● x ● ● ● x

Ingestion x ● x ● x ● ● x
Dermal Absorption x ● x ● x ● ● x

Inhalation ○ ○ ○ ○ ○ ○ ○ ●
Ingestion ○ ○ ● ● ● ○ ○ ●

Dermal Absorption ○ ○ ● ● ● ○ ○ ●

Ingestion x x ● x x x x x
Dermal Absorption x x ● x x x x x

Ingestion # # # # # ● ● x

Notes:
(a) This CSM includes exposure to media considered a part of the Portland Harbor RI/FS. It does not include media that will be evaluated 
     as a part of the specific upland site evaluations and risk assessments.
(b) Infant consumption of human milk evaluated as a potentially complete pathway for all adult receptors where PCBs, dioxins, or DDX are COPCs.
(c) Fishers include three different fish ingestion rates, two different shellfish ingestion rates, and two different fishing frequencies.
(d) River sediments evaluated in the BHHRA as an exposure media for ingestion and dermal absorption exposure routes 

 include sediments collected at depths less than 30.5 centimeters. 

Current and Future

○ = Potentially complete pathway but not evaluated in the
BHHRA because exposure is expected to be insignificant.

Solid lines indicate potential pathways for COPCs to 
the study area.
Dashed lines indicated potential transport pathways 
for COPCs between exposure media within the study 
area

Legend

● = Potentially complete pathway.

x = Incomplete pathway

# = Potentially complete pathway but evaluated under a 
different receptor category in the BHHRA.

Figure 8.2-1
Portland Harbor RI/FS

Remedial Investigation Report
Human Health Risk Assessment Conceptual Site Model
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Acronyms
BHHRA (Baseline Human Health Risk Assessment)
COPCs (Chemicals of Potential Concern)
CSM (Conceptual  Site Model)
NAPL (Non-Aqueous Phase Liquid)
RI/FS = Remedial Investigation/Feasibility Study
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water/advection
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Figure 9.6-1 
Portland Harbor RI/FS 

Remedial Investigation Report 
Simplified Ecological CSM 

 

Note:  
The only exposure media shown are those evaluated in the BERA, for the assessment endpoints and measurement endpoints identified by EPA.  
The simplified CSM does not include receptors that were not evaluated in the BERA, such as zooplankton or terrestrial plants in the riparian zone;  
however, they are shown in the expanded CSM (Appendix G, Attachment 2). 
 
The simplified CSM also presents tissue as a separate exposure medium; in the refined ecological CSM, exposure to tissue is identified as a dietary  
exposure route under each abiotic exposure medium. 
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Figure 10.1-1
Portland Harbor RI/FS

Remedial Investigation Report
Major Elements of the Portland Harbor CSM

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Source Intermediate 
Release Mechanism

Final
Release Mechanism

Exposure Media
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Emissions
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Notes: Solid lines indicate potential pathways 
for indicator contaminants to the Study Area. 
Dashed lines indicate potential transport 
pathways for indicator contaminants between  
exposure media within the Study Area.

Acronyms: 
CSOs (Combined Sewer Overflows) 
NAPL (Non-aqueous Phase Liquid)

Figure 10.1-2
Portland Harbor RI/FS

Remedial Investigation Report
Physical Conceptual Site Model
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Total Annual Flow Volume
Cross-Media Comparison of Estimated Flow Rates Used in Loading Estimates

1.E+11

1.E+12

1.E+13
lu

m
e 

(c
f/y

r)
E

1.E+07

1.E+08

1.E+09

1.E+10

To
ta

l A
nn

ua
l F

lo
w

 V
ol

LO
G

 S
CA

LE

1.E+06
Upstream Surface Water Stormwater Runoff Atmospheric Deposition

to River Surface
Advection Through

Subsurface Sediments
Upland Groundwater

Plumes
Non-Stormwater

Permitted Discharges
Advection Through
Surface Sediments
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Upstream Surface Water 
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28 yr average annual flow

Stormwater Runoff
Modeled 50th percentile flow 
year estimate

Advection through 
Sediments

Estimated central unit flux 

Upland Groundwater 
Plume

Minimum seepage measurement

Maximum seepage measurement

Average seepage measurement

Non-Stormwater 
Permitted Discharges

Average reported discharge
Maximum report discharge

Minimum reported discharge

NotesNotes
•Upstream surface water flow is based on the average annual flow measured at Morrison Bridge from 1975 to 2003.
•Stormwater runoff volumes shown are the sum of the modeled 50th percentile flows for each land use category and "non-representative" location.
•Upland  groundwater plume flow rates represent the range of all flow measurements made with seepage meters at the nine TZW focus sites.
•The surface and subsurface sediment advective groundwater central unit flux rate of 7.3 cfs was estimated based on available site hydrogeologic information.
•Non-stormwater permitted discharge volumes presented here are the range of individual flow measurements reported monthly or quarterly in discharge
monitoring reports for the most recent two years available for individual and general 1500A industrial permits.

Figure 10.1-3
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Comparison of Estimated Flow

Rates Used in Load Estimates
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Figure 10.2-1a
  Portland Harbor RI/FS

          Remedial Investigation Report
  Cross-Media Loading Comparison

  Total PCBs – Estimated Total Annual Study Area Loads

Notes:
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.

c The chemical was not identified as a COI for upland groundwater plumes with a known or likely complete pathway to the river; therefore, it was not included in the 
analyte list for TZW sampling.  Consequently, no loading estimates were generated for upland plume loading for this chemical.
d The chemical was not included for sampling on discharge permits (included permits defined in Section 6.1.3); therefore, there were no data to support loading 
calculations.

Total PCBs
Cross-Media Comparison of Estimated Loading Rates

1.E-02

1.E-01

1.E+00

1.E+01

Upstream Surface
Water

Stormwater Runoff Atmospheric
Deposition to River

Surface

Advection thru
Subsurface
Sediments

Upland Groundwater
Plume

Non-Stormwater
Permitted

Discharges

Advection thru
Surface Sediments

External Loads Internal Load

To
ta

l L
oa

d 
(k

g/
yr

)
LO

G
 S

CA
LE

?

?

?

?

?

?

?
?
?

a

b c
d

Legend
Atmospheric Deposition  
to River Surface

Upper estimate
Central estimate

Lower estimate

Upstream Surface 
Water (RM 11.8), Total

Upper estimate

Central estimate
Lower estimate

Stormwater Runoff
Upper estimate
Central estimate
Lower estimate
Area-weighted 
central estimate

Advection thru 
Sediments

Upper estimate
Primary estimate
Lower estimate

Upland Groundwater 
Plume

Unfiltered, central estimate
Filtered, central estimate
Filtered, lower estimate

Non-Stormwater
Permitted Discharges

Upper estimate

Lower estimate

Indicates that the estimate is based on a combination of 
local data and non-local data/literature values.

Indicates that no local data were available for use in 
development of the estimate (based exclusively on non-
local data/literature values). 

Central estimate
“??”

“?”

No Estimate No Estimate

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



OC-Normalized Concentrations
Total PCBs
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Figure 10.2-1b
Portland Harbor RI/FS

Remedial Investigation Report
Box-Whisker Plots of Total PCBs Bulk and 
OC-Normalized Sediment, Sediment Trap, 

and Particulate Surface Water Concentrations
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Figure 10.2-2
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 

Total PCBs – Study Area Annual Central Loading Estimate

Total PCBs*
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Bedload
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(Estimated Range = 
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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Figure 10.2-3
Portland Harbor RI/FS

Remedial Investigation Report
Surface Water Load and Loading Comparison by River Mile 
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Notes:
a Upper and lower estimates were generated based on available data and do not necessarily reflect uncertainty in estimate.  Refer to text (Sections 
6.1 and 10.2) for discussions of uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c Stormwater estimates were generated for individual model cells rather than by river mile. Model cells frequently cross river mile boundaries; therefore, the 
river mile categories presented here are only approximations of stormwater runoff loading areas.
d Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport 
model results.
e Load estimate includes one or more non-representative sites which may lead to increased uncertainty related 
to the stormwater sampling program and load calculation methods (see Section 6.1.2.2).
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Figure 10.2-4a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Comparison

Total PCDD/Fs – Estimated Total Annual Study Area Loads

Notes:
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c The chemical was not sampled in the LWG stormwater sampling program; therefore, no loading estimates could be generated.
d No relevant atmospheric concentration data were found for this chemical; therefore, no loading estimates could be generated.
e The chemical was not identified as a COI for upland groundwater plumes with a known or likely complete pathway to the river; therefore, it was not included in the 
analyte list for TZW sampling.  Consequently, no loading estimates were generated for upland plume loading for this chemical.
f The chemical was not included for sampling on discharge permits (included permits defined in Section 6.1.3); therefore, there were no data to support loading 
calculations.
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OC-Normalized Concentrations
Total PCDD/Fs
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Figure 10.2-4b
Portland Harbor RI/FS

Remedial Investigation Report
Box-Whisker Plots of Total PCDD/Fs Bulk and 

OC-Normalized Sediment, Sediment Trap, 
and Particulate Surface Water Concentrations
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Figure 10.2-5
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 

Total PCDD/Fs – Study Area Annual Central Loading Estimate

Total PCDD/Fs*

Upstream 
Bedload

Downstream 
Bedload

Atmospheric Deposition b

Upstream Surface Water 
0.60 kg/yr

(Estimated Range = 
0.20 to 0.91 kg/yr)
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Advection                     
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(Estimated Range = 
2.5 x10-6 to 4.6 x10-5 kg/yr)

Degradation        
(abiotic, photolytic)

Long-term 
Deep Burial

Stormwater a

Notes:
aDioxins/furans were not sampled as part of the stormwater program. The qualitative estimate presented here is based on surface water 

sample concentrations collected at RM 11 and RM 16 during stormwater runoff conditions, which were greater than concentrations 
measured at the same transects during high-flow or low-flow conditions (see Section 5.4.2.1).
b Atmospheric loading estimates were not available for total PCDD/Fs.  The qualitative estimate presented here is based on comparison of 
loading estimates for atmospheric TCDD TEQ to surface water TCDD TEQ.

*Not a Mass
Balance
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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Figure 10.2-6
Portland Harbor RI/FS

Remedial Investigation Report
Surface Water Load and Loading Comparison by River Mile 
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An upper estimate for external and internal 
advective loading could not be displayed due to 
scale:      
(external max = 3.3 x 10-5 kg/yr at RM 7-7.9, 
and internal max = 3.2 x 10-5 kg/yr at RM 7-7.9).

No Loading EstimatesNo Loading Estimates

Fraction of Willamette 
River load at River
Mile 2

Advective Loading from Subsurface Sediments
External Loading Mechanisms

Internal Loading Mechanisms c

Advective Loading from Surface Sediments

Notes:
a Upper and lower estimates were generated based on available data and do not necessarily reflect uncertainty in estimate. 
Refer to text (Sections 6.1 and 10.2) for discussions of uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded. 
c Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed 
from fate and transport model results.
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Figure 10.2-7a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Comparison

 DDx– Estimated Total Annual Study Area Loads

Notes:
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
C In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume loading estimates 
(based on empirical measurements of pore water flows and concentrations) include the advective load also. Note that loading estimates for the fate and transport model will not include 
this redundancy.
d The chemical was not included for sampling on discharge permits (included permits defined in Section 6.1.3); therefore, there were no data to support loading 
calculations.
e Unfiltered pesticide results are likely biased high due to entrainment of sediments in the TZW samples.
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OC-Normalized Concentrations  
DDx
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Figure 10.2-7b
Portland Harbor RI/FS

Remedial Investigation Report
Box-Whisker Plots of DDx Bulk and 

OC-Normalized Sediment, Sediment Trap, 
and Particulate Surface Water Concentrations
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Figure 10.2-8
Portland Harbor  RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams

 DDx – Study Area Annual Central Loading Estimate

 DDx*

Upstream 
Bedload

Downstream 
Bedload

Atmospheric Deposition 
0.17 kg/yr

(Estimated Range = 
0.17 to 0.21 kg/yr)

Upstream Surface Water 
7.5 kg/yr

(Estimated Range = 
3.0 to 10 kg/yr)

Subsurface Sediment 
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0.024 kg/yr

(Estimated Range = 
0.0013 to 0.50 kg/yr)
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0.40 kg/yr

(Estimated Range = 
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(Range = 2.1 to 3.6 kg/yr)

Particulate: 4.6 kg
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RM 2
3.0 kg/yr

Multnomah Chan.
5.3 kg/yr

(Estimated Range =
2.6 to 3.43 kg/yr)
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Surface Water

(Estimated Range =
3.5 to 7.0 kg/yr)

Particulate: 1.2 kg/yr
(Range = 1.0 to 1.4 kg/yr)
Dissolved: 1.8 kg/yr
(Range = 1.4 to 2.1 kg/yr)

Particulate:  2.6 kg/yr
(Range = 2.0 to 3.2 kg/yr)
Dissolved: 2.7 kg/yr
(Range = 1.5 to 3.8 kg/yr)

Composite of RM 11 and 16

Legend 
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Notes:
a Note: In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources 
(advective loading), the plume loading estimates (based on empirical measurements of pore water flows and concentrations) include the 
advective load also. Note that loading estimates for the fate and transport model will not include this redundancy.
b Unfiltered pesticide results (upper estimate) are likely biased high due to entrainment of sediments in the TZW samples.
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b

*Not a Mass
Balance
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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Figure 10.2-9
Portland Harbor RI/FS

Remedial Investigation Report
Surface Water Load and Loading Comparison by River Mile  
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Notes:
a Upper and lower estimates were generated based on available data and do not necessarily reflect uncertainty in estimate.  Refer to text (Sections 6.1 and 10.2) for discussions of uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c Stormwater estimates were generated for individual model cells rather than by river mile. Model cells frequently cross river mile boundaries; therefore, the river mile categories presented here are only approximations of 
stormwater runoff loading areas.
d In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume loading estimates (based on empirical measurements of pore water flows and 
concentrations) include the advective load also. Note that loading estimates for the fate and transport model will not include this redundancy.
e Unfiltered pesticide results (upper estimate) are likely biased high due to entrainment of sediments in the TZW samples.

f Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
g Load estimate includes one or more non-representative sites which may lead to increased uncertainty related to the stormwater sampling program
and load calculation methods (see Section 6.1.2.2).
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Total PAHs
Cross-Media Comparison of Estimated Loading Rates
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Figure 10.2-10a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Comparison

Total PAHs – Estimated Total Annual Study Area Loads

Notes:
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded. 
c In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume loading estimates 
(based on empirical measurements of pore water flows and concentrations) include the advective load also. Note that loading estimates for the fate and transport model will not include 
this redundancy.
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OC-Normalized Concentrations
Total PAHs
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Figure 10.2-11a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams

Total PAHs – Study Area Annual Central Loading Estimate
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advective load also. Note that loading estimates for the fate and transport model will not include this redundancy.
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Figure 10.2-11b
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams

LPAHs – Study Area Annual Central Loading Estimate
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Figure 10.2-11c
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 

HPAHs – Study Area Annual Central Loading Estimate
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advective load also. Note that loading estimates for the fate and transport model will not include this redundancy.
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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Figure 10.2-12
Portland Harbor RI/FS

Remedial Investigation Report
Surface Water Load and Loading Comparison by River Mile
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Notes:
a Upper and lower estimates were generated based on available data and do not necessarily reflect uncertainty in estimate.  Refer to text (Sections 6.1 and 10.2) for discussions of 
uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c Stormwater estimates were generated for individual model cells rather than by river mile. Model cells frequently cross river mile boundaries; therefore, the river mile categories presented here 
are only approximations of stormwater runoff loading areas.
d In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume loading estimates (based on empirical 
measurements of pore water flows and concentrations) include the advective load also. Note that loading estimates for the fate and transport model will not include this redundancy.
e Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
f Load estimate includes one or more non-representative sites which may lead to increased uncertainty related to the stormwater sampling program and load calculation m
6.1.2.2).
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Figure 10.2-13a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Comparison

Bis(2-ethylhexyl)phthalate – Estimated Total Annual Study Area Loads

 loading calculations.

Notes:
Hollow symbols indicate loads calculated with sample concentrations below the laboratory detection limit.  These loads were estimated at 0 kg/yr.
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results. 
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c No relevant atmospheric concentration data were found for this chemical; therefore, no loading estimates could be generated.
d The chemical was not identified as a COI for upland groundwater plumes with a known or likely complete pathway to the river; therefore, it was not included in the analyte list for TZW sampling.  
Consequently, no loading estimates were generated for upland plume loading for this chemical.
e The chemical was not included for sampling on discharge permits (included permits defined in Section 6.1.3); therefore, there were no data to support

Bis(2-ethylhexyl)phthalate
Cross-Media Comparison of Estimated Loading Rates

1.E-05

1.E-03

1.E-01

1.E+01

1.E+03

1.E+05

Upstream Surface
Water

Stormwater Runoff Atmospheric
Deposition to River

Surface

Advection thru
Subsurface Sediments

Upland Groundwater
Plume

Non-Stormwater
Permitted Discharges

Advection thru Surface
Sediments

External Loads Internal Load

To
ta

l L
oa

d 
(k

g/
yr

)
LO

G
 S

C
AL

E

Legend
Atmospheric Deposition  
to River Surface

Upper estimate
Central estimate

Lower estimate

Upstream Surface 
Water (RM 11.8), Total

Upper estimate

Central estimate
Lower estimate

Stormwater Runoff
Upper estimate
Central estimate
Lower estimate
Area-weighted 
central estimate

Advection thru 
Sediments

Upper estimate
Primary estimate
Lower estimate

Upland Groundwater 
Plume

Unfiltered, central estimate
Filtered, central estimate
Filtered, lower estimate

Non-Stormwater
Permitted Discharges

Upper estimate

Lower estimate

Indicates that the estimate is based on a combination of 
local data and non-local data/literature values.

Indicates that no local data were available for use in 
development of the estimate (based exclusively on non-
local data/literature values). 

Central estimate
“??”

“?”

a

b

No Estimate

c

?

?

?

No Estimate No Estimate

d e

?

?

?

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



OC-Normalized Concentrations
Bis(2-ethylhexyl)phthalate
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Box-Whisker Plots of Bis(2-ethylhexyl)phthalate Bulk and 
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Figure 10.2-14
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 

Bis(2-ethylhexyl)phthalate – Study Area Annual Central Loading Estimate
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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Figure 10.2-15
Portland Harbor RI/FS

Remedial Investigation Report
Surface Water Load and Loading Comparison by River Mile
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a Upper and lower estimates were generated based on available data and do not necessarily reflect uncertainty in estimate.  Refer to text (Sections 
6.1 and 10.2) for discussions of uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c Stormwater estimates were generated for individual model cells rather than by river mile. Model cells frequently cross river mile boundaries; therefore, the 
river mile categories presented here are only approximations of stormwater runoff loading areas.
d Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport 
model results.
e Load estimate includes one or more non-representative sites which may lead to increased uncertainty related to the stormwater sampling program and 
load calculation methods (see Section 6.1.2.2).
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Figure 10.2-16a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Comparison

Total Chlordanes – Estimated Total Annual Study Area Loads

Notes:
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results. 
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c The chemical was not identified as a COI for upland groundwater plumes with a known or likely complete pathway to the river; therefore, it was not included in the 
analyte list for TZW sampling.  Consequently, no loading estimates were generated for upland plume loading for this chemical.
d The chemical was not included for sampling on discharge permits (included permits defined in Section 6.1.3); therefore, there were no data to support loading 
calculations.
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OC-Normalized Concentrations
Total Chlordanes
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Figure 10.2-17
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 

Total Chlordanes – Study Area Annual Central Loading Estimate
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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Figure 10.2-18
Portland Harbor RI/FS

Remedial Investigation Report
  Surface Water Load and Loading Comparison by River Mile

Total Chlordanes

No Loading Estimates

No 
Loading 
Estimate

Fraction of Willamette 
River load removed at 

River M ile 2

Notes:
a Upper and lower estimates were generated based on available data and do not necessarily reflect uncertainty in estimate. 
Refer to text (Sections 6.1 and 10.2) for discussions of uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c Stormwater estimates were generated for individual model cells rather than by river mile. Model cells frequently cross river mile 
boundaries; therefore, the river mile categories presented here are only approximations of stormwater runoff loading areas. 
d Loading rates for internal mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate 
and transport model results.
e Load estimate includes one or more non-representative sites which may lead to increased uncertainty related to the stormwater
sampling program and load calculation methods (see Section 6.1.2.2).
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Figure 10.2-19a
Portland Harbor RI/FS

Remedial Investigation Report
           Cross-Media Loading Comparison

Aldrin – Estimated Total Annual Study Area Loads

Notes:
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results. 
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c The chemical was not identified as a COI for upland groundwater plumes with a known or likely complete pathway to the river; therefore, it was not included in the 
analyte list for TZW sampling.  Consequently, no loading estimates were generated for upland plume loading for this chemical.
d The chemical was not included for sampling on discharge permits (included permits defined in Section 6.1.3); therefore, there were no data to support loading 
calculations.
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OC-Normalized Concentrations
Aldrin
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Figure 10.2-19b
Portland Harbor RI/FS

Remedial Investigation Report
Box-Whisker Plots of Aldrin Bulk and 

OC-Normalized Sediment, Sediment Trap, 
and Particulate Surface Water Concentrations
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Figure 10.2-20
Portland Harbor RI/FS

 Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 

Aldrin – Study Area Annual Central Loading Estimate
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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Figure 10.2-21
Portland Harbor RI/FS

Remedial Investigation Report
  Surface Water Load and Loading Comparison by River Mile
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Advective Loading from Subsurface Sediments

Stormwater Runoff c

Atmospheric Deposition to the River Surface

External Loading Mechanisms

Internal Loading Mechanisms d
Advective Loading from Surface Sediments

Notes:
a Upper and lower estimates were generated based on available data and do not necessarily reflect uncertainty in estimate. 
Refer to text (Sections 6.1 and 10.2) for discussions of uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c Stormwater estimates were generated for individual model cells rather than by river mile. Model cells frequently cross river mile 
boundaries; therefore, the river mile categories presented here are only approximations of stormwater runoff loading areas.
d Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed 
from fate and transport model results.
e Load estimate includes one or more non-representative sites which may lead to increased uncertainty related to the stormwater 
sampling program and load calculation methods (see Section 6.1.2.2).
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Figure 10.2-22a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Comparison

Dieldrin – Estimated Total Annual Study Area Loads

Notes:
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c The chemical was not identified as a COI for upland groundwater plumes with a known or likely complete pathway to the river; therefore, it was not included in the 
analyte list for TZW sampling.  Consequently, no loading estimates were generated for upland plume loading for this chemical.
d The chemical was not included for sampling on discharge permits (included permits defined in Section 6.1.3); therefore, there were no data to support loading 
calculations.
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OC-Normalized Concentrations
Dieldrin
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Figure 10.2-22b
Portland Harbor RI/FS

Remedial Investigation Report
Box-Whisker Plots of Dieldrin Bulk and 

OC-Normalized Sediment, Sediment Trap, 
and Particulate Surface Water Concentrations
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Figure 10.2-23
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 

Dieldrin – Study Area Annual Central Loading Estimate
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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Figure 10.2-24
Portland Harbor RI/FS

Remedial Investigation Report
  Surface Water Load and Loading Comparison by River Mile
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Notes:
a Upper and lower estimates were generated based on available data and do not necessarily reflect uncertainty in estimate. 
Refer to text (Sections 6.1 and 10.2) for discussions of uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c Stormwater estimates were generated for individual model cells rather than by river mile. Model cells frequently cross river mile 
boundaries; therefore, the river mile categories presented here are only approximations of stormwater runoff loading areas.
d Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed 
from fate and transport model results.
e Load estimate includes one or more non-representative sites which may lead to increased uncertainty related to the stormwater 
sampling program and load calculation methods (see Section 6.1.2.2).
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Figure 10.2-25a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Comparison

Arsenic – Estimated Total Annual Study Area Loads

Notes:
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded. 
c In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume loading estimates 
(based on empirical measurements of pore water flows and concentrations) include the advective load also. Note that loading estimates for the fate and transport model will not include this 
redundancy.
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Figure 10.2-25b
Portland Harbor RI/FS

Remedial Investigation Report
Box-Whisker Plot of Arsenic 
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and Particulate Surface Water Concentrations

Median

+1.5 
IQR

25th Percentile

Outlier

-1.5 
IQR

75th Percentile
Interquartile 

Range
(IQR)

+ Extreme Value

+

+3 
IQR

-3 
IQR

B
ul

k 
So

lid
s 

C
on

ce
nt

ra
tio

n 
(m

g/
kg

 d
ry

 w
ei

gh
t)

n = 1182 n = 66 n = 146 
Surface Sediment Sediment Traps Surface Water Particles

Bulk Solids Concentrations
Arsenic

5E-01

8E-01

3E+00

5E+00

8E+00

3E+01

5E+01

8E+01

Portland Harbor RI/FS Final Remedial Investigation Report 
February 8, 2016



Figure 10.2-26
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 

Arsenic – Study Area Annual Central Loading Estimate
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Notes:
a Sum of trivalent and pentavalent arsenic.
b Note: In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources 
(advective loading), the plume loading estimates (based on empirical measurements of pore water flows and concentrations) include the 
advective load also. Note that loading estimates for the fate and transport model will not include this redundancy.
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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Figure 10.2-27
Portland Harbor RI/FS

Remedial Investigation Report
 Surface Water Load and Loading Comparison by River Mile

Arsenic

ethods (see Section 

 

No Loading 
Estimate No Loading Estimates

Fraction of Willamette 
River load removed at 
M ultnomah  Channel

Advective Loading from Subsurface Sediments

Stormwater Runoff c

Atmospheric Deposition to the River Surface

Upland Groundwater Plumes d

Direct Permitted Discharges

External Loading Mechanisms

Internal Loading Mechanisms e
Advective Loading from Surface Sediments

Notes:
a Upper and lower estimates were generated based on available data and do not necessarily reflect uncertainty in estimate.  Refer to text (Sections 6.1 and 10.2) for discussions of 
uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c Stormwater estimates were generated for individual model cells rather than by river mile. Model cells frequently cross river mile boundaries; therefore, the river mile categories presented here 
are only approximations of stormwater runoff loading areas.
d In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume loading estimates (based on empirical 
measurements of pore water flows and concentrations) include the advective load also. Note that loading estimates for the fate and transport model will not include this redundancy.
e Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
f  Load estimate includes one or more non-representative sites which may lead to increased uncertainty related to the stormwater sampling program and load calculation m
6.1.2.2).

An upper estimate for external and internal 
advective loading could not be displayed 
due to scale:        
(external max = 123 kg/yr at RM 8-8.9, and 
internal max = 261 kg/yr at RM 8-8.9).
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Figure 10.2-28a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Comparison

Copper – Estimated Total Annual Study Area Loads

Notes:
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results. 
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded. 
c In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume loading estimates 
(based on empirical measurements of pore water flows and concentrations) include the advective load also. Note that loading estimates for the fate and transport model will not include 
this redundancy.
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Figure 10.2-28b
Portland Harbor RI/FS

Remedial Investigation Report
Box-Whisker Plot of Copper 
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Figure 10.2-29
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 

Copper – Study Area Annual Central Loading Estimate
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Composite of RM 11 and 16

Legend 
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Quantitative

Higher

Lower

Minimal

External 
Loads
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Notes:
a Note: In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources 
(advective loading), the plume loading estimates (based on empirical measurements of pore water flows and concentrations) include the 
advective load also. Note that loading estimates for the fate and transport model will not include this redundancy.

*Not a Mass
Balance
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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Figure 10.2-30
Portland Harbor RI/FS

Remedial Investigation Report
  Surface Water Load and Loading Comparison by River Mile

Copper

No Loading Estimates
No Loading 

Estimate

Fraction of Willamette 
River load removed at 

River M ile 2

Advective Loading from Subsurface Sediments

Stormwater Runoff c

Atmospheric Deposition to the River Surface

Upland Groundwater Plumes d

Direct Permitted Discharges

External Loading Mechanisms

Internal Loading Mechanisms e
Advective Loading from Surface Sediments

Notes:
a Upper and lower estimates were generated based on available data and do not necessarily reflect uncertainty in estimate.  Refer to text (Sections 
6.1 and 10.2) for discussions of uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c Stormwater estimates were generated for individual model cells rather than by river mile. Model cells frequently cross river mile boundaries; therefore, the 
river mile categories presented here are only approximations of stormwater runoff loading areas.
d In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume 
loading estimates (based on empirical measurements of pore water flows and concentrations) include the advective load also. Note that loading estimates for the fate 
and transport model will not include this redundancy.
e Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model 
results.
f Load estimate includes one or more non-representative sites which may lead to increased uncertainty related to the stormwater sampling program and 
load calculation methods (see Section 6.1.2.2).

Upper estimates for stormwater runoff and 
external and internal advective loading could not 
be displayed due to scale:        
(stormwater max = 263 kg/yr at RM 7-7.9, 
external max = 31,897 kg/yr at RM 8-8.9, and 
internal max = 26,248 kg/yr at RM 8-8.9).
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Figure 10.2-31a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Comparison

Zinc  – Estimated Total Annual Study Area Loads

Notes:
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded. 
c In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume loading estimates 
(based on empirical measurements of pore water flows and concentrations) include the advective load also. Note that loading estimates for the fate and transport model will not include 
this redundancy.
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Figure 10.2-31b
Portland Harbor RI/FS

Remedial Investigation Report
Box-Whisker Plot of Zinc 

Bulk Sediment, Sediment Trap, 
and Particulate Surface Water Concentrations
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Figure 10.2-32
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 

Zinc – Study Area Annual Central Loading Estimate
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Notes:
a Note: In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources 
(advective loading), the plume loading estimates (based on empirical measurements of pore water flows and concentrations) include the 
advective load also. Note that loading estimates for the fate and transport model will not include this redundancy.

*Not a Mass
Balance
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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Figure 10.2-33
Portland Harbor RI/FS

Remedial Investigation Report
Surface Water Load and

  Loading Comparison by River Mile
Zinc

No Loading Estimates
No Loading 

Estimate
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Stormwater Runoff c

Atmospheric Deposition to the River Surface

Upland Groundwater Plumes d
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External Loading Mechanisms

Internal Loading Mechanisms e
Advective Loading from Surface Sediments

Notes:
a Upper and lower estimates were generated based on available data and do not necessarily reflect uncertainty in estimate.  Refer to text (Sections 6.1 and 10.2) for discussions of 
uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c Stormwater estimates were generated for individual model cells rather than by river mile. Model cells frequently cross river mile boundaries; therefore, the river mile categories presented 
here are only approximations of stormwater runoff loading areas.
d In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume loading estimates (based on empirical 
measurements of pore water flows and concentrations) include the advective load also. Note that loading estimates for the fate and transport model will not include this redundancy.
e Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
f Load estimate includes one or more non-representative sites which may lead to increased uncertainty related to the stormwater sampling program and load calculation methods (see 
Section 6.1.2.2).

Upper estimates for external and internal 
advective loading could not be displayed 
due to scale:        
(external max = 10,512 kg/yr at RM 8-8.9), 
(internal max = 10,469 kg/yr at RM 8-8.9).
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Figure 10.2-34a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Comparison

Chromium – Estimated Total Annual Study Area Loads

Notes:
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded. 
c In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume loading estimates 
(based on empirical measurements of pore water flows and concentrations) include the advective load also. Note that loading estimates for the fate and transport model will not include this 
redundancy.
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Figure 10.2-34b
Portland Harbor RI/FS

Remedial Investigation Report
Box-Whisker Plot of Chromium 
Bulk Sediment, Sediment Trap, 

and Particulate Surface Water Concentrations
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Figure 10.2-35
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 

Chromium – Study Area Annual Central Loading Estimate
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Notes:
a Note: In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources 
(advective loading), the plume loading estimates (based on empirical measurements of pore water flows and concentrations) include the 
advective load also. Note that loading estimates for the fate and transport model will not include this redundancy.

*Not a Mass
Balance
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Figure 10.2-36
Portland Harbor RI/FS

Remedial Investigation Report
  Surface Water Load and Loading Comparison by River Mile
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d In areas where indicator contaminants in pore water are attributable to both upland groundwater plumes and in-river sediment sources (advective loading), the plume 
loading estimates (based on empirical measurements of pore water flows and concentrations) include the advective load also. Note that loading estimates for the   
fate and transport model will not include this redundancy.
e Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport 
model results.
f  Load estimate includes one or more non-representative sites which may lead to increased uncertainty related to the stormwater sampling program and 
load calculation methods (see Section 6.1.2.2).
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Figure 10.2-37a
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Comparison

Tributyltin Ion  – Estimated Total Annual Study Area Loads

Notes:
Hollow symbols indicate loads calculated with sample concentrations below the laboratory detection limit.  These loads were estimated at 0 kg/yr.
a Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed from fate and transport model results.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c The chemical was not sampled in the LWG stormwater sampling program; therefore, no loading estimates could be generated.
d No relevant atmospheric concentration data were found for this chemical; therefore, no loading estimates could be generated.
e The chemical was not identified as a COI for upland groundwater plumes with a known or likely complete pathway to the river; therefore, it was not included in the 
analyte list for TZW sampling.  Consequently, no loading estimates were generated for upland plume loading for this chemical.
f The chemical was not included for sampling on discharge permits (included permits defined in Section 6.1.3); therefore, there were no data to support loading 
calculations.
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Figure 10.2-37b
Portland Harbor RI/FS
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Box-Whisker Plot of Tributyltin Ion 
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Figure 10.2-38
Portland Harbor RI/FS

Remedial Investigation Report
Cross-Media Loading Box-Arrow Diagrams 
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Cross-Media Loading Comparison by River Mile
Central Estimate (lines represent upper and low er estimatesa)
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  Surface Water Load and Loading Comparison by River Mile
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Notes:
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Refer to text (Sections 6.1 and 10.2) for discussions of uncertainty in these loading estimates.
b Upstream surface water load estimated based on data from RM 16 and RM 11, with RM 11 outlying data values excluded.
c Loading rates for internal loading mechanisms not shown on this figure, including erosion and long-term burial, will be developed 
from fate and transport model results.
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